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Abstract 
This project involved the creation of an educational program for teaching 
electronics to middle school students, as well as conducting a pilot course at the 
Eli Whitney Museum and Workshop in Hamden, CT.  Hands-on activities were 
developed, along with take-home kits, student notebooks, an instructor’s guide 
and video, for ease of implementation.  The program proved successful and will 
be offered on a regular basis.  Future electronics summer camps are planned, 
and the museum has advertized the course on its website. 
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1 Background 
1.1 The Eli Whitney Museum 
The Eli Whitney Museum is a nonprofit teaching organization located in Hamden, 
Connecticut on the site upon which Eli Whitney established the first modern 
American factory (Figure 1-1). It is dedicated to the Whitney tradition of 
experimental learning. The Museum designs, constructs and teaches 
experimental building projects that engage children, ages five through fifteen, in 
hands-on problem solving. It is the largest workshop of its type in Connecticut. 
Through its web site, it advocates for laboratory, studio and workshop learning to 
a national and international audience. The Museum also produces programs for 
schools and individuals. It has studied the teaching and learning of electricity and 
electronics from the 19th century to the present. They have a highly successful 
curriculum in basic electricity. Their experiments in electronics however, have 
faced obstacles. 
 
Figure 1-1: Photograph of the Eli Whitney Museum’s Main Building 
1.2 Acquired Knowledge 
The Eli Whitney Museum has made various attempts in the past to bring the 
concepts of electronics to the hands of children, as have many organizations. 
The Museum found that the electronic kits currently on the market are lacking. 
Typical kits contain printed circuit boards that do not allow students to alter the 
circuits in an experimental manner. In addition, components and traces are 
usually placed on the board in a way that obscures rather than explains their 
function. 
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There is a large gap in the fine motor skills of middle school and high school 
students. Most children in the age range the Museum is targeting have a difficult 
time soldering to traditional perf-boards. When they make a mistake, it becomes 
discouraging as it is not particularly easy for them to de-solder components. After 
many attempts, a solution developed and tested by the Museum in the August of 
2007. This method was found to be highly successful. 
One final challenge faced is engaging the students. Too often introductory 
projects are unimaginative. It is not easy to excite students who have grown up 
on microchip driven toys and games. They are less motivated to do the work of 
learning by making projects that blink lights. This partly results from the fact that 
many children’s toys are now bilateral and contain microprocessors with voice 
synthesizers. During the August of 2007 various projects were presented to the 
students. A threshold for student engagement was determined. 
1.3 Museum’s Method 
The Eli Whitney Museum method of project construction is unique. They lay 
copper strips on composite board with copper tacks. Components can then be 
easily soldered to any of these metal surfaces. Telephone wire is soldered to the 
leads of integrated circuits that are then hot glued to the board. Inexpensive 
switches are made from paper clips and screws. The Binary Decoder project, 
pictured in Figure 1-2, was successfully used with students in August of 2007. 
This method of construction is easy for the students, as they are not required to 
have fine motor skills. In addition, they can arrange circuits in any fashion they 
wish and have no difficulty de-soldering components. While permanent projects 
are created on these boards they can also be used for experimentation, as it is 
not uncommon for students to alter their circuits to discover how they work. 
 
Figure 1-2: Photograph of Binary Decode Project 
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1.4 Desires of the Museum 
The Museum wants the curriculum for a weeklong workshop to encompass a 
wide range of electrical concepts and projects. This material needs to be 
compiled in a way that allows for the workshop to be taught by any educator 
regardless of their prior experience with electronics. They want the projects 
designed for children ages ten to fifteen and have requested the use their original 
type of board construction. They also feel it is important to make this work 
available on their website so that the material to recreate this one-of-a-kind 
electronic workshops is available to the global education community. 
1.5 Conclusion 
The project sponsor, the Eli Whitney Museum, is a hands-on education center 
that desires to bring electrical concepts to the hands of children as young as ten. 
The Museum has tried and tested many approaches, as it is not an easy task to 
simplify the complexities of electronics. In the August of 2007, they developed 
and tested one highly successful approach. The Museum requires assistance in 
designing and documenting a weeklong workshop that can be instructed by any 
educator with no prior experience with electronics. Finally, they desire to share 
this documented workshop on their website so that this course can be offered to 
students around the world. 
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2 Evolution of Museum’s Electronics Program 
2.1 Introduction 
As an employee of The Eli Whitney Museum, Robert Gagliardi developed their 
method of board construction and workshop operation that this IQP project is 
based upon. Three years prior to this project, Gagliardi was a counselor for Art 
Ellis’s electronics summer program at the Museum, where he observed the 
pitfalls and successes of the class. The following year he designed a completely 
new program under the supervision and guidance of Art Ellis, William Brown 
(Director) and Sally Hill (Associate Director). This class faired better than its 
predecessor, but was still in need of improvement. The following summer Art Ellis 
was no longer with the Museum. It was this summer that Gagliardi implemented 
his design of the two one-week long electronics programs that are the basis of 
this project. This third trial by the Museum resulted in a highly successful 
electronics program. 
The Museum’s senior staff, responsible for designing and instructing courses, 
primarily consists of college students. This group of employees is very liquid, 
thus limiting the complexity of programs that can be offered from year to year. 
During all three of Gagliardi’s courses Tyler Nyswander and Aaron DiPietro were 
observant and very useful counselors. This coming summer they will fill 
Gagliardi’s role for one of the three programs being offered. This IQP project sets 
a precedent for how future courses offered by the Museum’s employees should 
be documented. Nyswander and DiPietro will use the information in this report 
and project as a guide while teaching their own summer program. They will also 
use it as an example of how they should document any courses they design in 
the future.  
2.2 Ellis’s Program 
In this week-long workshop students built a small car that drove forward until it hit 
a wall. Then it would drive backward in a semi circuit for a short period of time, 
then forward again. The car was built in small circuit blocks that did not function 
as independent projects. Students would only receive the gratification of making 
something functioning when the project was completed at the end of the week. 
One major flaw that caused this was that electrical connections were made by 
placing wires, components and aluminum strips under metal thumbtacks pressed 
into a pinewood board. This method was easy for children, but not reliable. This 
lack of reliable connections caused every project to not function. No child took 
home a working car. Since this was the only project, students took home nothing. 
There were two major flaws associated with the project. A child friendly system 
for making reliable electrical connections needed to be implemented in the next 
program. Also the project needed to be broken down into many smaller projects 
to prevent students from leaving the class without a functioning circuit. 
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2.3 Gagliardi’s First Program 
This program addressed the problem of reliable electrical connections and the 
problem associated with having only one large project that could fail to work. The 
classed used composite particleboards rather than pinewood boards. This would 
reduce problems associated with knots being in the way of tacks. Rather than 
using thumbtacks copper tacks were used. Students were required to hammer 
than tacks through the aluminum strips, into the board. Then students would 
solder components unto the heads of the tacks. Standard perforated circuit 
boards were not used, because young students find them difficult to work with 
especially when tying to correct an error in a circuit. Rather than one large project 
many small ones were built over the course of the week. Schematics were 
printed directly on the boards for students to follow. All projects taken home 
functioned properly. 
The problem of making reliable connections was resolved, however it slowed 
students down. A tack needed to be hammered into the board every time a 
connection needed to be made. The projects, while all functioning, were 
uncomplicated and found boring by some students, because of their simplicity. 
Printing the schematics on the boards lead to a paint-by-number type project. 
Students were not challenged. They took little more than a few working projects 
and some new soldering skills with them at then end of the course.  
2.4 Gagliardi’s Second and Third Programs 
In the summer of 2007 Gagliardi offered the two programs that are the basis of 
this IQP project. Many improvements were made. Projects were built in a 
similarly manner to the summer previous, except now students used copper 
strips in place of aluminum ones. They could now solder directly to this surface, 
thus reducing the amount of effort and resources needed to make a project. 
Integrated circuits were used for the first time. Students seemed to enjoy using 
them mostly because more elaborate projects could be built. During the 
beginning of the first program students made small projects. They then ended the 
week by making one large project, Figure 2-1. The second week returning 
students made electronic pinball machines, Figure 2-2, with little guidance from 
instructors. One major improvement to the class was that circuit schematics were 
no long printed on the circuit boards. Students read schematics printed in 
notebooks they received at the start of the first week. 
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Figure 2-1: Student Testing Project – August 2007 
The classes were an overall success. Students, parents and instructs were in 
agreement that only minor change could to made to improve it. The most 
important thing that could be done was to preserve the course so that it could be 
offered at the Museum year after year. 
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Figure 2-2: A Student’s Electronic Pinball Machine – August 2007 
2.5 Workshop Overview 
The electronics workshop is offered as a weeklong day camp. Each day of camp 
is six hours long and contains about five hours of working time. There are two 
breaks during the day, one for snack and one for lunch. All projects and orations 
need to fit within the twenty hours of working time students have during the 
workshop. 
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A student taking this class will receive a brief demonstration of a completed 
project along with instruction on how to build it. They then will obtain the 
materials and construct the project with the aid of their notebooks and assistance 
of councilors. Upon finishing they will follow along as the instructor illustrates how 
it functions. They will then be able to bring the project home to show their parents 
what they learned. 
The instructors and counselors of the course will have a special notebook similar 
to the ones the students possess. The only difference being that they contain 
additional information. This extra data is left out of the students' notebooks to 
challenge them. As students progress in projects they will be given less and less 
information on how to construct them. The omitted data is representative of 
knowledge students will obtain from project to project. This is done to make the 
class interesting and educational. If the students were told exactly how to create 
their projects it would be equivalent to painting-by-numbers. There would not be 
any challenge, excitement or personal victories for the students if this paint-by-
number approach were implemented in the class. 
 
Figure 2-3: Eli Whitney Museum Electronics Workshop - August 2007 
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3 Projects 
3.1 Summary 
The workshop contains eight projects that are built in order, due do to their 
progressive increase in difficulty. Students are introduced to new concepts with 
each project in an incremental fashion so that they are not overwhelmed at the 
end of the week when they will construct complex circuits such as the Stopwatch 
project shown in Figure 3-1. 
 
Figure 3-1: Photograph of Stopwatch Project 
The projects are all built using the Eli Whitney Museum’s method of copper strips 
and tacks on a composite board. This method was chosen, because it is 
inexpensive and very children friendly. This children friendly nature is due to the 
fact that fine motor skills are not required for construction. This is in sharp 
contrast to the unforgiving perf-boards found in most kits. Finally, the blank 
canvas nature of the composite board provides students with creative 
possibilities and opportunities for making customized circuits. 
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3.2 LED Controller Project 
This is the first project students build. It consists of several “simple circuits” that, 
upon completion will allow student to observe ohm’s law so that they may obtain 
a qualitative understanding of current, voltage and resistance. In order for 
students to build this project they will need to learn how to solder and be able to 
copy a model present on the table in front of them (Figure 3-2). They are 
however encouraged to observe the schematic (Figure 3-3) in their notebook as 
they will not always have a model project for reverence. 
 
Figure 3-2: Photograph of LED Controller Project 
LEDs, diodes, resistors, batteries and switches are discussed in detail with 
students so that they will have a qualitative understanding of these components 
as they are used in all of the projects. Upon completion of the lesson, students 
should be able to determine the value of a resistor by observing its color bands 
as well has have a qualitative understanding of how resistors in series and 
parallel effect current and voltage. Students should be able to explain the 
function of a normal diode and how to alter the brightness of an LED. Finally, 
they should know how voltage and current supplied to a circuit can be altered by 
placing batteries in series and parallel with each other. 
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Figure 3-3: Schematic of LED Controller Project 
The primary function of the LED Controller is to orientate new students. This 
project is simple in its design so that the children can develop their soldering 
skills before they advance to more sophisticated circuits. The schematic is laid 
out to mirror the placement of actually components on the board. This helps 
students become comfortable using schematics, as they will not always have a 
model to copy. 
When the switch is pressed students complete a circuit that illuminates LEDs. 
The brightness of each LED is determined by the resistance in series with it. 
Students can continue experimenting by altering the project so that they may 
obtain a better understanding of Ohm’s law. 
3.3 Curriculum 
The week begins with the construction of the LED controller project. This project 
was designed with simplicity in mind using no integrated circuits or transistors. 
Most children entering the class have never soldered before, so it was important 
that they practice building a project with large components. 
1kΩ 150Ω
150Ω
150Ω
150Ω
150Ω
150Ω
150Ω
3V
Rev. A
Jun 1, 2006
Robert Gagliardi
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Figure 3-4: Photograph of Light Break Sensor Project 
 
Figure 3-5: Photograph of Timer Project 
As their skills improve they advance to such projects as the Light Break Sensor 
(Figure 3-4), Timer (Figure 3-5) and Binary Counter (Figure 3-6). These 
advanced projects were all designed so that they can be connected together in a 
modular fashion to create a final project at the end of the week. Notice the 
Stopwatch project in Figure 3-1 appears to be comprised of looks like seven 
other projects. 
 
Figure 3-6: Photograph of Binary Counter Project 
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By the end of the week students will be able to use incomplete schematics, such 
as the Binary Counter schematic shown in Figure 3-7. The schematic for the 
Stopwatch project is the most vague. The purpose of this is to challenge 
students. By the end of the class most students will most want to be this and 
more freedom to learn. Notice the incomplete schematic of the Stopwatch shown 
in Figure 3-8 is composed primarily of block diagrams. 
 
Figure 3-7: Schematic of Binary Counter  
 
Figure 3-8: Schematic of Stopwatch Project 
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4 Soldering Fixture 
Learning the ability to solder is critical for students to progress in electronics. 
Although simple soldering may be easy, the soldering of large integrated circuits 
can be difficult for many of the students. To help the students more efficiently 
solder the integrated circuits, a soldering fixture can be used. It will allow 
students to focus on soldering wires to the pins without needing to hold three 
things at once. 
  
Figure 4-1: Soldering Fixture 
The fixture that was designed and built, as seen in Figure 5.1, holds the 
integrated circuits, allowing students to insert wires through the other side. The 
device is an aluminum block with twenty holes drilled through it. The leads of the 
chip are inserted into the holes. A soldering iron can easily reach them because 
of a shoulder that is milled on the side of the block. The wires are inserted into 
the holes on the back of the block and stick out the front where the pins on the 
chip enter the same hole. When the fixture is used the students only need to hold 
the soldering iron and solder. 
The amount of time that is required to solder a chip is greatly reduced by using 
the fixture. This was evident during the pilot course that was run in December of 
2007. Students who had the fixture available to them finished soldering the chip 
long before students who did not have them.  
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5 Documentation 
5.1 Introduction 
It is important that the workshop is well documented so that it can be offered to 
many students in the future. Methods of documentation include a notebook for 
the instructors containing all pertinent information relating to the projects, a 
similar age-appropriate notebook for students, an excel application to aid in 
ordering materials for the class and videos to demonstration the building of 
projects will both a be available to instructors. 
5.2 Instructor Notebooks 
The Instructor Notebook can be thought to contain three sections: concepts, 
parts, and projects. The concept section contains basic information on the 
principles being taught. Soldering, for example, is one of the first things students 
must learn. Found on page four of the Instructor Notebook is a page devoted to 
the topic of soldering. Important safety and soldering tips are bulleted, graphics 
indicating proper technique are displayed (Figure 5-1) and first aid information is 
bolded. These pages were laid out in their fashion to help the instructor as they 
are teaching the class. It is important that they are able to access information 
quickly and easily when students ask them questions or when they are giving 
oral instruction. 
 
Figure 5-1: Graphic of Proper Soldering Technique 
The parts section contains a table of components with schematic symbols and 
other pertinent information. The pages following are each mini-datasheets 
containing the integrated circuit pin-outs and truth tables for each chip. An 
instructor will find these mini-datasheets useful, as they have no need for the 
extra information contained in a complete datasheet. These mini-datasheets 
prevent information overload and provide an easy to read standard that is 
consistent for each chip. Each mini-datasheet typically contains three parts, 
depending on the chip. A graphic of the chip’s pinout helps one quickly locate 
pins on the chip by their function. The schematic symbol of the chip, which is 
Good Technique Bad Technique
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used in circuit diagrams, helps one determine the pin number of a certain 
functioning pin. Both of these are shown in Figure 5-2 Lastly, if necessary, a truth 
table (Figure 5-3) for the chip is displayed to allow for easy troubleshooting. 
  
Figure 5-2: Binary Counter IC – Pinout Graphic (left), Schematic Symbol (right) 
 
Figure 5-3: Truth Table for Binary Counter IC 
The last section in the booklet contains information on the projects. Each project 
is display on two facing pages. The right page contains a schematic and 
materials list (Figure 5-4). The left page contains a photograph of the completed 
project, bullets of important information, a table of new components (Figure 5-5) 
and a table of new concepts (Figure 5-5). This was done to aid the instructor in 
presenting the projects and related information to the students. 
 
Figure 5-4: Materials List for LED Controller Project 
1
2
3
4
5
6
7
14
13
12
11
10
9
8
Clock
Reset
Q7
Q6
Q5
Q4
GND
Vs
Q1
Q2
Q3
74HC4024
1
2
Clock
Reset
12Q1
11Q2
9Q3
6Q4
5Q5
4Q6
3Q7
74HC4024
Description Quantity Cost Total Manufacturer # Mouser #
3”x7” Board w/ 1x 3V Battery Slot 1 $0.500 $0.500
3v Button Battery 1 $0.120 $0.120 CR2032
Paperclip Switch 1 $0.010 $0.010
T-1 3/4 Red LED 5 $0.040 $0.200
150! 5% 1/4W Resistor 7 $0.015 $0.105 CF1/4C151J 660-CF1/4C151J
1k! 5% 1/4W Resistor 1 $0.015 $0.015 CF1/4C102J 660-CF1/4C102J
Total : $0.95 *Approximate Cost
Materials
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Figure 5-5: New Symbols & Concepts Lists for LED Controller Project 
The entire notebook contains less than twenty-five sheets of paper. The brevity 
of the notebook is important; it is meant to be a quick reference for instructors as 
they are teaching and helping students. 
5.3 Student Notebooks 
The notebooks that each student will receive are almost identical to the instructor 
notebooks. One key difference is that the student notebook lack information that 
the instructor notebooks contain. This was done to make the class challenging 
and interesting for the students. A paint-by-number approach would not keep 
students engaged nor would it facilitate their learning. 
In the concept section there is a page devoted to resistance. This page contains 
a color chart indicating how to determine the value of a resistor. The students' 
chart has no color while the instructor chart does (Figure 5-6). This is done to 
allow students a chance to make their notebooks personal and to help them 
better understand the concepts as they fill in empty parts. 
Component Symbol Extras See Also
Battery
Resistor
Connected 
Wires
Unconnected 
Wires
Switch
Diode
LED
Page 8
Page 10
Page 10
New Symbols
Concept Summary
Soldering
Voltage
(V)
Current
(I)
Resistance
(!)
Series
Parallel
•Avoid “Cold” solder joints.
•They are cloudy and misshapen.
•To prevent - solder quickly
•To fix - add new solder
•See Page 2 for more information.
•Energy across a component.
•Think level of potential energy.
•Electricity with high potential of energy 
travels  to a state of potential.
•Energy through a component.
•Think speed the electrons are traveling.
•The greater the voltage the greater the 
current
•Limits the flow of current.
•Think of an object that restricts the flow 
of electricity.
•For more current reduce the resistance.
•Color bands indicate resistance.
•See page 6 for more information.
•Several resistors in a row.
•Think of several consecutive speed 
bumps in a road.
•Several resistors side by side.
•Think of a road splitting each with a 
speed bump and then remerging.
New Concepts
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Figure 5-6: Resistor Chart – Instructor (left), Student (right) 
The table of component symbols in the students' notebook does not contain any 
of the circuit symbols. Again, the purpose of this is to make the notebooks 
personal, to facilitate student learning and to engage students when the 
instructor is explaining the project. 
The most prominent difference between the student and instructor notebooks is 
found in the project section. The instructor notebook contains a large color image 
of the project and important bulleted information. These pages in the student 
notebooks are left blank. It is important that students are challenged. Giving them 
all of secrets will not help them learn or enjoy the class. Finally, as the difficulty of 
the projects increases the schematics become more vague in the student 
notebooks. Once again, this is done to challenge students. 
5.4 Videos 
A pilot instructional video was designed to walk the viewer through the 
construction of the first project. It is comprised of the two main parts, the 
introduction and then a step-by-step construction. The introduction instructs the 
viewer on what concepts will be taught in the project, what materials are needed 
to build the project, and then what tools are needed. The materials list is 
presented by first showing the viewer a picture of all the materials laid out. Then 
a close-up of each part with subtitles and narrations is displayed that gives the 
quantity required and the name of the part as seen in Figure 5-7. 
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Figure 5-7: Screen Capture at 24s 
The same approach is used for the tools list. The construction section of the 
video breaks down the project into easy steps and it shows the viewer common 
trouble spots, as seen in Figure 5-8. Upon completing construction, the video 
shows the viewer how to use the project. The videos have been edited so they 
can be played on any DVD player or computer and give the viewer a quick 
walkthrough through the project. The video is a quick method of teaching 
someone how to build the project. The LED controller video had a total length of 
five minutes, and might be an effective way to educate students before they build 
the project. This will give students and instructors a systematic way to build the 
project neatly and with fewer errors.  
 
Figure 5-8: Screen Capture at 2m 24s 
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Development of the videos spanned all three project terms. In the beginning, the 
video’s primary purpose was to educate the instructors only. The instructors 
would be taught how to build the project and teach the material in the instructor 
notebooks. The videos were planned to be filmed in the production studio of 
WPI’s Academic Technology Center (ATC). The production studio was designed 
to film the teaching of various classes. The equipment in the classroom included 
four robotic cameras, several microphones and excellent lighting that could be 
controlled from the studio next to the classroom. This classroom would have 
provided an excellent place to record the section of the videos that explained the 
instructor notebook material. Figure 5-9 shows the layout of the ATC production 
classroom and planned camera positions. An excerpt of the original script can be 
seen in Figure 5-10.  
 
Figure 5-9: Layout of the ATC Production Classroom 
The focus of the remainder of A-term was shifted to project development, the 
videos were pushed back to B-term. At the start of B-term, the script was revised 
so the videos could be used for the students as well as the instructors. The 
production studio could not be used due to scheduling conflicts and not being 
able to use a soldering iron in the classroom. Our group decided on renting a 
camera from the ATC and film in a location where soldering was allowed. The 
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first filmed project was the LED Controller due to its simplicity. The first filming 
session worked well and took about three hours to set up and film the project. 
However, we found that the camera was defective and damaged the tape after 
recording.  
 
Figure 5-10: Original Script Outline 
Another camera was not available for renting due to high demand and we were 
forced to wait a week to rerecord the LED Controller project. Again, we received 
a camera that was defective and were faced with the same situation. After 
presenting the situation to Prof. Bitar, he decided to invest in a video camcorder 
for IQPs and MQPs. Our group conducted research on a camcorder, tripod and 
bag to present to Prof. Bitar. We received the camera quickly and were able to 
film the LED Controller project properly. However, editing was pushed back to C-
term to prepare for the December break pilot course. The BJT project and the 
555 Timer project were recorded during our break. The goal set in C-term was to 
complete one instructional video by the end of the term. Editing of the 
construction video was completed using Adobe Premiere Pro. Microsoft 
PowerPoint was used to explain concepts that the video would teach and 
materials the viewer would need to construct the project. Figure 5-11 shows a 
few slides of the PowerPoint section. Prof. Bitar liked the construction part of the 
video and recommended adding better narrations to help the viewer. He felt that 
the PowerPoint section was dry and not exciting. As a result, high quality 
narrations needed to be recorded and the introduction had to be reworked. 
However, we did not have a facility at WPI to record audio. Chris contacted his 
high school, the Concord High School, about the use of their recording studio. 
They accepted and we recorded all narrations for both the construction and 
introductory sections of the video. The introductory section of the video was 
reworked to be much shorter than the PowerPoint. A digital still camera was used 
to take a picture of all the materials and tools needed to build the project, then 
compiled into a video. Our group and Prof. Bitar agreed that this was a good final 
product. To design this simple project took about fifty hours of planning, filming 
and editing.  
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Figure 5-11: PowerPoint Introduction to the Instructional Videos 
5.5 Order Forms 
To make the ordering of materials easier for the staff of the Museum an order 
form was setup in Microsoft Excel. In the past there has been no formal method 
for ordering parts and components for projects. This meant that only someone 
who had close knowledge of the course and the projects would know what had to 
be ordered. To improve this process the order form was created in Excel where it 
can be manipulated according to the number of students in a class and the 
projects that are being done. Using built in scripts; the form updates the fields on 
an inventory list and an order form that can be faxed to Mouser, an online 
electronics parts supplier. Using this type of form the administrative staff, not 
teaching the course, can order the parts. 
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Figure 5-12: Excerpt from Order Form Application 
5.6 Conclusion 
When all the documentation is used together the Museum can maximize their 
ability to teach the material effectively to students from year to year. In the past, 
when instructors stopped teaching the course, all of the teaching materials and 
lesson plans were lost. The documentation that has been compiled supports new 
instructors who do not have an electronics background so that nothing is lost in 
the transition. 
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6 Pilot Course 
6.1 Introduction 
A pilot course was conducted at Eli Whitney Museum in December of 2007. 
During this pilot course instructional materials were evaluated for educational 
value and student involvement. 
6.2 Method 
The pilot course was conducted at Eli Whitney Museum in Hamden, CT on 
December 27th-28th. Projects that were taught include the LED controller, 
Transistor Controller, Timer, Binary Counter, Binary Decoder, and Anemometer. 
The anemometer was used in place of the stopwatch because the students 
would not have enough time to construct it in two days. The anemometer 
demonstrated the same concepts that the stopwatch and would only be 
constructed by students who had a firm understanding of the material. On each 
day there were six students that were working for five hours each. One of the 
students returned from a previous electronics class offered by Eli Whitney. The 
class was run as described in the Workshop Summary section of the report. 
Three soldering fixtures were used for testing with the Timer, Binary Decoder, 
Binary Counter, and Anemometer projects.  
Surveys were filled out at the end of the second day to give written feedback 
about each project and improvements that can be made to the course. The 
surveys questioned students about the quality of projects they completed on a 
scale of one to five and comment on what could be done to make the projects 
better shown. A sample question asked is shown in Figure 6-1. In addition, the 
students would rate how helpful their instructors were. Gender, age, and previous 
electronics experience were collected to find possible correlations between data. 
The surveys and class teaching methods were submitted for review by WPI’s 
Institutional Review Board to ensure ethical treatment of the students.  
Figure 6-1: Excerpt from Survey 
1. How much did you like _______________________?  
Hated it!           Didn’t Like it          It was OK          Liked it          Loved It! 
What did you like/dislike about this project?  (Optional) 
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6.3 Observations 
The surveys that were completed by the students were found to be very positive 
and did not expose any glaring weaknesses in the curriculum. All the students 
found that the building of the projects was interesting and challenging. They 
commented that the projects progressed well in difficulty and were always 
excited to build the next one. Although some of the comments were helpful in 
validating the educational materials, it did not provide enough constructive 
criticism to significantly improve the course. 
Some students commented that they had difficulty with the soldering irons. A 
possible cause of this is that the irons took a long time to heat up. Using better 
irons or focusing more on helping students develop better soldering habits might 
solve this problem. 
The notebooks were found to be a good guide for the students, however. One 
student commented that he had to flip the pages too much. A possible solution is 
to make the project section a separate book. 
The soldering fixture worked properly and reduced the time it took to solder the 
wires to the chip. In the pilot course there were three soldering fixtures for six 
students. There was a large demand for them. This is an indication that they 
made it easier to solder the chips. Increasing the ratio of fixtures per student 
would likely reduce the waiting time. Improvements to the fixture might include 
the use of a metal clip instead of a rubber band to hold the chip in place as the 
bands sometimes fail do to the hot irons. Improvements to the fixture might 
include the use of a metal clip to hold the chip into place. 
At the conclusion of both classes the parents seemed very impressed. Many 
were surprised by what their children learned in such a short period of time. 
6.4 Conclusion 
The pilot course was very 
successful as many positive 
comments were received from 
parents, students and the Museum. 
Most commented on how easy it 
was to learn electronics and that it 
was conducted in an entertaining 
and educational manner. Some 
possible improvements to the 
course include having more 
soldering fixtures on hand per student, splitting the student notebooks into two 
sections, and provide better soldering irons for the students. The Museum has 
received many positive comments about this class and will be offering it again 
the summer for a full week with instructors who will be teaching the class for the 
first time. The listing for this camp is shown in Figure 6-2. 
Electronics – Intro Week 
9am - 3pm 
ages 10 – 15 
Learn basic electronic components and assembly. Use 
capacitors, resistors, diodes and transistors. Build a 
stopwatch and a voltmeter. Learn to solder and to read a 
multimeter. No experience necessary. 
By: Tyler Nyswander & Aaron DiPietro 
Fee: $245 (members $220) 
Figure 6-2: Summer Camp Listing 1 – August 2008 
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7 Other Educational Material 
7.1 Introduction 
Other educational materials and projects were experimented with to supplement 
the materials mentioned above. To help explain voltage, resistance and current a 
fluid flow analogy was tried. Several projects were designed to help teach 
electromechanics. 
7.2 Fluid Flow Analogy Model 
To help people understand different concepts in electronics the analogy of water 
flowing was experimented with.  This analogy was thought to be especially 
helpful for younger students because, not only does it allow them to see what is 
happening it also allows them to experiment with different things to see the 
result.  Several different methods were devised with mixed results.  
The original plan was to create an analogous fluid model for every project that 
the students would create in the course. After a closer look at the problem, it was 
realized that it would be unrealistic to model even some of the simplest circuits 
using a fluid model. Certain components, like a capacitor or a transistor, did not 
relate to any device or property regarding fluids. It was decided that it would be 
best to simplify the model to only cover the concept of resistance, voltage and 
current. 
The first design was a closed system that would use clear PVC pipes. Voltage 
would be represented by pressure, current by flow rate and resistance by 
obstructions in the pipe. Several issues arose while the model was being 
designed. One of the main problems was that students could not see changes in 
pressure and flow rate, it would have to be measured indirectly which would 
defeat the purpose of the model. 
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Figure 7-1: Rendering of Fluid Flow Model 
An entirely different approach was used in a second design in which the closed 
pipes were replaced by open channels. In this design the current and resistance 
are represented the same way but the level of the water represents the voltage. 
One of the important aspects of the design that makes it better than the previous 
on is that students have a chance to do something hands on. The open channels 
allow students to experiment with different obstructions that act as resistors to 
block the water.  A smaller opening on the obstruction will result in a lower water 
level on the other side. This correlates directly with the drop in voltage that 
occurs after a resistor in an electrical circuit. Students will also have the chance 
to compare parallel resistors by using an obstruction with multiple openings or in 
series by using two obstructions in a row. 
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Figure 7-2: Photograph of Fluid Flow Model 
Using readily available materials, a concept model was designed, built and tested 
to determine if it would be useful addition to the first week’s curriculum. The 
majority of the components were made from sheets of clear acrylic. The choice of 
acrylic was made to allow students to easily see water levels from the side. 
When assembled, a sump pump delivers water to the system to fill the channels. 
The water flows through the resistors that are put into place and then empties 
back into the reservoir that the pump is held in. 
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Figure 7-3: Photograph of Fluid Flow Model Resistor Inserts 
Many difficulties were encountered after assembling the model and finally testing 
it. It found that the channels were too large for most readily available sump 
pumps. The model relied on the fact that the water would spill over the back of a 
filling reservoir before the channels. This would maintain the water level at a 
constant height, which is necessary for modeling a circuit that has a constant 
voltage. Since the sump pump that was used did not have the flow rate required, 
with small resistors all of the water would go through the channels and the water 
level would never reach the height of the spill over regulator. The velocity of the 
water coming out of the pump was also an issue. Water leaving the reservoir into 
the channels was very turbulent as a result and this added to the inconsistent 
water levels. 
Although the concept works well in theory, in practice it does not convey the 
message as effectively as planned. Another major flaw in the design is that it had 
a never-ending supply of energy, which is water in the example. In reality the 
students have a up battery which is more like a reservoir that eventually drains. 
Ultimately the concern with the analogy is that it will add more confusion than it 
will clear up. 
7.3 Electromechanical Projects 
The role that electromechanical devices play in daily life is often taken for 
granted. These devices can be found in almost every major appliance that is 
found in the average home. It is important to understand how they work in order 
to fully appreciate their significance. A series of projects were designed to help 
students develop this understanding. The projects include an electromagnet, a 
solenoid, a brushed DC motor and a brushless DC motor.  
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7.3.1 Electromagnet 
The most basic of electromechanical devices is the electromagnet. Despite its 
simplicity, the electromagnet is the foundation for most other electromechanical 
devices. By winding a length of thin insulated wire around a cylindrical piece of 
ferrous material one can easily make a magnet. When current is passed through 
the wire a magnetic field is created around the ferrous material. This field can be 
used to attract other ferrous objects. Advantages over a permanent magnet are 
that it can be turned off and the poles of the magnet can be switched by 
changing the direction of the current.  
 
Figure 7-4: Electromagnet 
An electromagnet is an easy introductory project for students learning about 
electromechanical devices. It can be made using inexpensive and readily 
available material and can be assembled in less than an hour. The materials that 
are needed to complete this project are a bolt, nut and washer, magnetic wire, 
and a battery (See Figure 8.2). The ideal bolt to use is a shoulder bolt. The 
smooth shoulder on the bolt allows the students to neatly wind the wire, while the 
threaded section allows the students to fasten a washer on using a nut. The 
washer will prevent to wire from slipping off. 
After the magnet has been completed, the students will have the opportunity to 
experiment with it by attracting different materials and changing the polarity. 
7.3.2 Solenoid 
After completing the first project students will be able to apply those concepts to 
a more complicated device called a solenoid. A solenoid is a device that uses a 
coil to drive a steel rod through the center of it. When a current is passed through 
the coil it generates a magnetic field. This field will attract the steel rod towards 
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the strongest part of the field. Solenoids are commonly used as linear actuators, 
high current relays and electronic valves, among other things. 
Building a solenoid is not much more involved than building an electromagnet. 
Instead of using a shoulder bolt to wind the wire around, a hollow ferrous tube is 
used. A steel bolt can then be used as the rod that gets actuated. The project is 
very simple and can be completed in less than an hour. 
7.3.3 Brushed DC Motor 
A brushed DC motor uses all of the same concepts that were learned before but 
in a more complex way. The motor uses two electromagnetic coils that are 
attached to the rotating shaft, perpendicular to the axis of rotation. The two coils 
are attached opposite to each other and are wound such that north points in one 
direction and south points in the opposite direction. Current is supplied to the 
coils using two metallic pads that cover half of the circumference of the shaft. 
Static metal brushes make contact with the rotating pads to deliver the current. 
Since the pads only cover half of the shaft, the polarity of the coils switches every 
180 degrees. This means that the torque applied to the shaft is in a constant 
direction. 
Assembling a cheap yet reliable brushless motor is more difficult than the 
previous two projects. The components that are used to assemble the motor are 
a two piece base made out of composite wood, a wooden dowel to make the 
shaft, a pair of nails, thin copper strips, coils and permanent magnets.  
 
Figure 7-5: Brushed DC Motor 
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The base, seen in Figure 7-5, supports two coaxial nails that secure the shaft on 
both ends but allows it to rotate. Permanent magnets are attached to the base in 
plane with coils that are attached to the wooden shaft. Brushes are made of thin 
copper strips that are attached to the base and spring against the commutator 
pads on the shaft. Due to the complexity of the project and delicacy that is 
required to assemble all of its parts, the DC brushed motor will take 
approximately two to three hours to assemble. 
7.3.4 Brushless DC Motor 
A brushless DC motor has numerous advantages over a brushed motor that 
students will begin to understand as they build it. One obvious advantage is that 
there are no moving electrical components. This means that brushes are not 
required to make an electrical bridge between the base and the rotating shaft. 
Brushless motors have less friction and are more reliable than their brushed 
cousins for this reason. The other advantage for the students is that they are 
easier to assemble. The most difficult parts of the brushed motor to make are the 
commutator and the brushes. Both of these parts are eliminated in the brushless 
version, making it significantly easier to assemble. 
 
Figure 7-6: Brushless DC Motor 
The armatures on the brushless motor, pictured in Figure 8.4, are mounted on 
the base and the permanent magnets are mounted on the shaft. The motor uses 
a reed switch and an electrical circuit to switch the polarity of the electromagnets 
every time the shaft rotates 180 degrees. 
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7.4 Conclusion 
A series of four projects were designed to familiarize students with 
electromechanical devices. Concepts that are learned in the first project, an 
electromagnetic coil, are applied to the more complicated ones that follow it. After 
completing all of them, the students will have a good understanding of the basics 
of electromechanical devices. 
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8 Future Work 
8.1 Introduction 
The experience gained in the development and implementation of the electronics 
project curriculum will prove to be highly useful if similar programs are utilized in 
the future. Similar documentation could be assembled for other courses such as 
an audio or a robotics themed course. 
8.2 Videos 
Work that could be done to further the development of the instructional videos 
includes creating videos that not only show the construction of the project but 
also go into depth about each component. Explanations for component behavior 
and general uses are among the topics that could be covered. The video created 
was not put to practice. A study could be done on the most effective ways to 
make an instructional video interesting and educational. Testing could also be 
conducted to see how effective the videos are as a teaching tool. Ultimately, 
there could be two different versions, one for the students and another for the 
instructors. 
8.3 Notebooks 
While the notebooks proved successful during the pilot course there is room for 
improvement. Worksheets could be made and included in the back of the 
notebook for students to fill out either at home or if they are waiting between 
projects. These worksheets could contain such things as ohm’s law, resistor 
color code or logic gate problems. Another idea would be to have a separate 
projects notebook, so that students would not have to flip backward and forward 
when looking up information on parts. 
8.4 Workshops 
After students complete this first 
introductory week they will most 
likely want to continue their 
learning experience. Other 
workshops could be created. This 
would require new notebooks and 
new projects. It would be wise to 
theme the workshops. It could be 
useful from a marking perspective 
as well as a teaching perspective. 
One theme that the Museum will 
attempt to use in the summer of 2008 is an electric instrument course. The 
course will involve the construction of a circuit that could be used as an electric 
Electronics - Music Week 
9am - 3pm 
ages 10 - 15 
Expand your introductory knowledge and your repertoire 
with an electric guitar (Be a Guitar Hero?) and an electric 
piano. Perhaps a microphone or a mixer. Or as a beginner, 
first learn the basics with a stopwatch and voltmeter; the rest 
as time and skills permit. 
By: Bob Gagliardi 
Fee: $245 (members $220) 
Figure 8-1: Summer Camp Listing 2 – August 2008 
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guitar, an electronic piano or an electronic music box. Another theme could be 
meteorology where students make a digital anemometer, digital thermometer or 
digital barometer. Yet another theme 
could be robotics where students 
could construct small autonomous 
robots attracted to light or sound. No 
matter the theme of the new 
workshop is there will always be new 
things to teach students and new 
opportunities for them to explore and 
become familiar with aspects of 
electronics. 
8.5 Conclusion 
The groundwork has been laid out for the documentation of a weeklong course. 
This work can be applied to other courses in electronics that the Museum wishes 
to offer. There is also room for improvement within the work that already exists. 
This includes improvements to videos, notebooks and new projects. 
Electronics - Robot Week 
9am - 3pm 
ages 10 – 15 
Build on your introductory skills with a clap-dance robot, a 
robot follower, and more. Beginners will start with the 
basics and build a stopwatch and voltmeter. Then move on, 
as time and skill permit. 
By: Bob Gagliardi 
Fee: $245 (members $220) 
Figure 8-2: Summer Camp Listing 3 – August 2008 
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9 Conclusion 
A weeklong electronics course for middle school students was created and 
documented for future instructors. A pilot course was held for a small group of 
students during their December vacation. The students, parents, Museum, and 
instructors all felt that the course was successful. Parents were impressed by 
their children’s high level of interest in the course and knowledge obtained from 
it. The Museum was pleased with the documentation and found it easy to 
understand while still containing all the information required to operate the 
course. More workshops could be created for students who wish to continue 
experimenting with electronics. In the past it was difficult for an instructor to pass 
the course on to the next person to teach it. The documentation that has been 
created during this project supports new instructors who do not have an 
electronics background. This eliminates the need for extensive training that 
would normally be required. Many young students will ultimately benefit from this 
documentation, as the Museum will be able to offer this course year after year. 
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Appendix A: Order Form 
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Appendix B: Survey 
 
Eli Whitney Museum Survey for December 27th-28th  
 
1. How much did you like _______________________?  
Hated it!           Didn’t Like it          It was OK          Liked it          Loved It! 
What did you like/dislike about this project?  (Optional) 
 
 
 
 
2. How much did you like _______________________? 
Hated it!           Didn’t Like it          It was OK          Liked it          Loved It! 
What did you like/dislike about this project?  (Optional) 
 
 
 
 
3. How much did you like _______________________? 
Hated it!           Didn’t Like it          It was OK          Liked it          Loved It! 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What did you like/dislike about this project?  (Optional) 
 
 
 
 
 
4. What was the best part of the class? 
 
 
 
5. What was the worst part of the class? 
 
 
 
 
6. How helpful were your Instructors? 
Not Helpful      Ok    Very Helpful 
7. Have you been taught by Eli Whitney Museum for electronics before? 
No        Yes 
When? 
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8. Would you like to take more electronics classes? 
No        Yes 
9. Would you recommend this class for your friends? 
No        Yes 
10. What would make the classes more entertaining? 
 
 
 
 
11. How old are you? 
9   10   11   12   13   14   15   16 
12. What is your Gender? 
Male        Female 
 
Thanks for Helping Us! 
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Appendix C: Instructor Notebook 
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Appendix D: Student Notebook 
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Appendix E: LED Controller Video 
